Assume that the body can be considered a solid of revolution. Then spin-stabilized projectiles can be oriented by choosing a unit vector x along the axis of symmetry, pointing from tail to nose. N is the magnitude of angular velocity parallel to x. N is positive if it results from a rotation causing a right-handed screw to advance in the direction of
X.
The following set of simultaneous differential equations of motion for a spin-stabilized projectile is developed in BRL Report 1244.
The equation of motion of the center of mass is: The following conditions are assumed:
(1) The projectile can be represented sufficiently well as a body of revolution.
(2)
The projectile i-.
• dynamically stable. this is a ; however, for computational purposes it is a more desirable quantity than a.
To get the proper orientation of this quantity, the following vector will be defined:
(2.1) ae-I X(xXI)= x -cos aI
Obviously, ae I = 0. a represents vector yaw * directed from I -+e --e toward x.
The effect of a e on the trajectory is generally small under the assumptions stated. Furthermore, it will be assumed that je is negligible. This implies , is small; moreover, the following approximations are warranted:
The separation of H into ,:cmnponents parallel and perpendicular to x yields:
To determine ae' first replace x and its derivatives in (1. 1) and (2. 5) using equations (2.1), (2. 2) and (Z. 3).
* NOTE: Iel a a. However, as mentioned earlier, ;n magnitude %e I is a first-order approximation for yaw. a is in the plane determined by x and I, in the direction from I toward x. Hence, a will be referred to as vector yaw. 
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Comparison of (2. 15) and (2. 17) shows that the ratio of (2. 14) to (2.16) is less than the order of (Zog /Nv). For high spin, (2. 14) will be considered negligible. The velocity of the projectile with respect to air is:
Let
The position of the projectile with respect to ground-fixed Cartesian coordinate system is:
The approximation for the position of the projectile with respect to spherical Earth surface is:
where Reffective radius of Earth.
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The approximation of the force of gravity is: DOCUMENT CONTROL DATA-R&D 
ABSTRACT
A modified point mass mathematical model,which incorporates an estimate of the yaw of repose, has been developed to represent the flight of a spin stablized, dynamically stable, artillery shell. This improved mathematical model has the desirable feature of representing the effects of the significant variables of yaw of repose and axial spin along the trajectory.
